The response of sugarcane (Saccharum spp.) families to the inoculation with plant growth-promoting bacteria (PGPB) may show positive or negative interaction values depending on the plant genotype, allowing the selection of responsive genotypes to the association. Based on these precepts, this study aimed to evaluate the response of 27 sugarcane families treated with two PGPB-based inoculants in two sugarcane cycles: plant-cane and first ratoon. Four months after germination, 27 families from crosses between clones of sugarcane were: (T0) not inoculated; (T1) inoculated with Triazo, which consists of a mixture of the strains Abv5, Abv6, and Abv7 of Azospirillum brasilense; and (T2) inoculated with an inoculant called Mix, which contains five strains of PGPB (Gluconacetobacter diazotrophicus Pal5, Azospirillum amazonense CBAmC, Burkholderia tropica Ppe8, Herbaspirillum rubrisubalbicans HCc103, and Herbaspirillum seropedicae HRC54). The productivity traits evaluated were the number of stalks, average height, stalk diameter, and Brix. The correlation values between the two cycles were 0.87 for the number of stalks, 0.70 for average height, 0.48 for stalk diameter, and 0.63 for Brix. Differences were observed between treatments for average height, stalk diameter, and Brix. Differences were also observed between families for all the studied traits. Brix was the only parameter that presented a significant interaction between family and inoculant. Different responses were observed between cycles for some families, showing that other factors can also influence the association. Key words: PGPB. Sugarcane breeding. Plant-bacteria interaction. Nitrogen-fixing bacteria.
Introduction
Sugarcane (Saccharum spp.) is a crop that demands a large amount of nitrogen fertilizers for its development. However, researches have shown in Brazil that sugarcane plants maintained their productivity indices without symptoms of nutritional deficiency even without nitrogen fertilization (URQUIAGA et al., 1992) . Other studies have identified different genus of bacteria associated to sugarcane and responsible for the biological nitrogen fixation (BNF), standing out the genera Gluconacetobacter, Herbaspirillum, Azospirillum, Burkholderia, Beijerinckia, and Azotobacter (BALDANI; BALDANI, 2005) .
In addition to BNF, other benefits have been attributed to these bacteria (BASHAN et al., 1990; VERMA et al., 2010) , such as the production of plant regulators, root system proliferation, increased water and micronutrient uptake, phosphate solubilization, and nutrient mobilization. Due to these effects, these bacteria came to be called plant growth-promoting bacteria (PGPB). Recently, other mechanisms of action have been discovered and attributed to these bacteria, such as the transport of small molecules and enzymes, increased membrane proton flux activity, direct and indirect control of phytopathogens, and mitigation of environmental stresses such as saline and water stress (ARZANESH et al., 2009; BASHAN, 2011) . These positive effects can be indirectly observed in plants by means of quantitative and/or qualitative production characteristics.
Studies with sugarcane have shown the interaction between genotype and bacteria, which would be responsible for the different results regarding the efficiency of nitrogen fixation, demonstrating the influence of plant genotype on BNF success (MUÑOZ-ROJAS; CABALLERO-MELLADO, 2003; COELHO et al., 2003; HARI; SRINIVASAN, 2005; OLIVEIRA et al., 2006) . These studies led to the hypothesis that plant breeding could assist in increasing BNF efficiency. In this sense, Alcantara et al. (2009) emphasized the need to perform studies prioritizing the macrosymbiont (plant), which is essential for the success of breeding programs that aimed higher BNF results.
In Brazil, the selection of soybean cultivars in soils with low nitrogen contents, without chemical fertilization, and with the inoculation of Bradyrhizobium strains was essential to increase BNF efficiency in this species . This leads us to believe that in sugarcane, the need to select also the plant genotype is even more important (MARIN et al., 1999) because the plant-bacteria interaction is associative, i.e. it is less efficient than the symbiotic, indicating that an ideal plant-bacteria combination may result in more significant gains.
In a study with 54 sugarcane families, Lopes et al. (2012) observed a significant difference in the response of families to the treatment with two inoculants composed by Azospirillum brasilense. However, these authors performed only one evaluation (plant-cane) and used an inoculant composed by facultative endophytic bacteria not specific for sugarcane. Nevertheless, these authors observed an increase in the values of traits related to plant growth promotion, as well as suggested that further studies should be carried out.
Thus, this study aimed to evaluate the response of 27 sugarcane families treated with two different inoculants composed by plant growth-promoting bacteria regarding the quantitative traits number of stalks, average plant height, average plant diameter, and Brix in the crop cycles plant-cane and first ratoon.
Materials and Methods
The experiment was conducted from 2009 to 2012 at the Experimental Station of Paranavaí of the Federal University of Parana (UFPR), located in Paranavaí, PR, Brazil (23°05′ S, 52°27′ W, altitude of 503 m). The regional climate is classified as Cfa according to the Köppen classification system (IAPAR, 1994) . The soil of the experimental area is classified as a sandy textured Latossolo Vermelho Escuro Distrófico according to the Brazilian Soil Classification System (EMBRAPA, 1999) and as a Ferralsol (Dystric) according to FAO (2006) . Seeds (caryopsis) from 27 biparental crosses between sugarcane genotypes were used. These crosses were performed in 2009 at the Serra do Ouro Crossing Station located in Murici, AL (Table  1) . The seeds were germinated in plastic trays containing the substrate Plantmax ® and maintained in a greenhouse with constant irrigation. The seedlings were transplanted at 40 days after sowing to styrofoam trays with individual cells (60 cm 3 ) placed under 50% shading until planting. At four months after sowing, the plants were treated with plant growth-promoting bacteria inoculants, remaining under 50% shading for seven days and then transplanted to the field (the first stage of the sugarcane-breeding program).
One of the inoculants used was composed of three strains of A. brasilense and was named Triazo. This inoculant was supplied by the Department of Biochemistry and Molecular Biology of the Federal University of Paraná (UFPR). The strains Abv5, Abv6, and Abv7 were isolated from corn (HUNGRIA et al., 2010) and the inoculant was prepared according to the methodology described by Lopes et al. (2012) (OLIVEIRA et al., 2009 ). The Mix was prepared according to the methodology described by Oliveira et al. (2009) , being used in the peat form dissolved in water in the plant-cane and in the liquid form in the first ratoon.
Plants from each family were subjected to one of the following treatments: no inoculation (Control, T0); inoculation with 100 µL of Triazo (10 9 bacteria mL −1 ) (T1); or inoculation with 1 mL of Mix (10 9 bacteria mL −1 ) (T2). A total of 100 µL or 1 mL of the appropriate inoculant (at the mentioned concentrations) was applied to the base of each plant with a micropipette. The largest amount of Mix (1 mL) was due to the inoculant be provided in the peat form and needed to be dissolved before the application.
The experiment had a completely randomized block design with three replications and a split-plot arrangement of treatments. Each block consisted of 27 plots and one family was planted at each plot. A plot consisted of three rows of 5 m long and contained 10 plants and each row was subjected to a different inoculation treatment (T0, T1 or T2). The spacing was 1.4 m between rows and 0.5 m between plants. Sugarcane plants from polycrosses were used as a side border for this area.
Planting was conducted in February 2010. Fertilization was performed in the planting furrow and each row (5 m long) received 540 g of potassium chloride and 180 g of simple superphosphate without adding nitrogen. Plants were maintained without irrigation, in accordance with the standard procedures for sugarcane cultivation.
After the first evaluation, the sugarcane plants were cut and a new inoculation was carried out in the furrows. The inoculants were diluted in water, maintaining the pH close to the ideal (6.8), and then sprayed on the base of the tillers. A volume of 250 L of solution with inoculant was used per hectare (10 9 bacteria mL −1 ). After cutting, the ratoon was also fertilized, but without nitrogen.
Plant evaluation was conducted 12 months after planting in the plant-cane (first cycle in 2011) and in the first ratoon (second cycle in 2012). The following traits were evaluated: the number of stalks per plant, average plant length (distance between the first leaf with clearly visible dewlap and the bottom of the stalk, being one stalk per plant), average stalk diameter (average of three stalks per plant measured at the third internode from the bottom), and soluble solids content or Brix (measured on the middle third of the stalk with a field refractometer, using the average of two readings per plant).
The estimation of variance components and prediction of genetic values, named ANADEV, were performed using the REML/BLUP (Residual or Restricted Maximum Likelihood/Best Linear Unbiased Prediction).
The data for all of the evaluated parameters were analyzed using the Selegen REML/BLUP software package (RESENDE, 2006) to determine statistically significant differences between families, bacterial treatments, and interactions between bacteria and plants. This software estimated the components of variance and the prediction of genetic values using the REML/BLUP procedure. The used statistical model is provided below:
where y is the data vector, a is the vector representing the effect of factor A (assumed to be fixed and allocated to the plots) added to general mean; b is the vector of genotypic effect associated with the sub-plot (representing the magnitude of factor B within the context of factor A, assumed to be random); p is the vector of the plot effect, i.e. the error associated with the interaction of factor A with the factor replications (assumed to be random); r is the vector of the block effect or replications (assumed to be random); a × b is the vector representing the interaction genotype x factor A (assumed to be random); and e is the vector of errors or residuals (assumed to be random). The capital letters (X, Z, W, T, and Q) represent the incidence matrices for the referred effects (RESENDE, 2006) .
The correlation between the two cycles was calculated by Pearson's simple correlation between two factors using the software Excel.
Results and Discussion
The results of the analysis of deviance for plantcane and first ratoon (Table 2 ) demonstrated that the chi-square value (χ 2 ) between cycles was similar.
The correlation between cycles was 0.87 for the number of stalks, 0.70 for the average length, 0.68 for Brix, and 0.48 for stalk diameter, indicating the repeatability of the results. Pedrozo et al. (2011) found similar results when comparing two cycles of sugarcane crop using tons of stalks per hectare (TCH), tons of Brix per hectare (TBH), and Brix as a parameter. The repeatability was 0.69, 0.65, and 0.38 between cycles for TCH, TBH, and Brix, respectively, although the repeatability of Brix was smaller when compared with the present study. According to these authors, the repeatability between two cycles is performed based on the genotype (individual), but the knowledge of the repeatability of families can assist in reducing the time and costs of sugarcane breeding. For these reasons, the present data also imply that the selection at initial stages of sugarcane breeding provides efficient results.
The results of the analysis of deviance also demonstrated significant differences (at 1% level) for the number of stalks only between families for both cycles.
The traits average stalk length and average stalk diameter showed significant differences between treatments and block. However, the interaction was not significant. For the parameter Brix, significant differences were observed between families, treatment, block, and interaction (family x treatment) ( Table 2 ).
The average values of the parameters are shown in Table 3 . All parameters presented significant differences between treatments for both plant-cane and first ratoon. These results are in accordance with those found by Lopes et al. (2012) , who obtained significant values for these traits when comparing families of sugarcane inoculated and not inoculated with Triazo. These authors observed that plants treated with Triazo presented a higher height in relation to untreated plants and non-inoculated plants had higher Brix values in relation to treated plants. Plants inoculated with Mix were expected to have higher values of stalk height and stalk diameter due to the effect of these bacteria in promoting plant growth. The bacteria that compose Mix have already shown this effect in different experiments, single or in combination, being more suitable for use in the sugarcane crop since they were isolated from stalks and roots of cultivars and hybrids of sugarcane (OLIVEIRA et al., 2009 ). However, in this study, the results of the inoculant composed by strains of A. brasilense (Triazo) were higher for these traits in relation to Mix (Table 3 ).
In addition, studies for selecting bacteria that compose the Mix had as main objective to improve BNF (BALDANI; BALDANI, 2005) . The other effects in the promotion of plant growth were only recently discovered. In this case, the bacteria of Mix can be considered more effective in BNF since they are endophytic and have a better nitrogenase efficiency when compared to those facultative (A. brasilense) (BASHAN; DUBROVSKY, 1996; MOUTIA et al., 2010) . According to Dong et al. (1995) , the bacterium G. diazotrophicus can be found in the intercellular spaces of sugarcane stalks, which is a site with a low oxygen availability ideal for a better nitrogenase efficiency.
On the other hand, the species A. brasilense is widely known to improve plant growth through different mechanisms. This species is found in different plant species and associated with different types of organisms. Although some authors affirm that the amount of nitrogen fixed by this bacterium is sufficient only for its own consumption, this species presents the highest growth-promoting responses (BASHAN, BASHAN, 2011; MOUTIA et al., 2010; TORTORA et al., 2011) . The average values of Brix observed in the plantcane were lower when compared to those observed in the first ratoon (Table 3) .
Regarding the treatments, some families presented higher Brix values when treated with inoculant, such as the families 2, 4, 9, 10, 11, 13, 19, 20, 22, 23, 25 , and 27 in the plant-cane and the families 1, 2, 3, 6, 7, 9, 12, 14, 16, 18, 22, 23, 26 , and 27 in the first ratoon. However, the families 1, 5, 12, 15, and 24 presented higher Brix values in the plant-cane when not inoculated, while in the first ratoon, the same results were observed for the families 5, 8, 11, 13, 15, 17, 19, and 24 (Figure 1) .
In relation to the average values of Brix, the observed results are similar to those obtained by Pereira (2011) Brix values. However, for Mix, the values obtained for all the evaluated variables were lower than that found in the control (not inoculated), showing that the response was different between inoculants. The response to PGPB inoculation, or its efficiency, is related to other environmental factors such as soil type, fertility, moisture, presence of other microorganisms, and organic matter (MOREIRA; SIQUEIRA, 2006). These factors allow diversity in the populations of microorganisms among regions (CABALLERO-MELLADO; MARTINEZ-ROMERO, 1994; TEJERA et al., 2005) . Pérez and Casas (2005) isolated different species/strains of Azospirillum from the sugarcane rhizosphere and observed different behaviors for each bacteria, depending on the cultivar and environment of cultivation.
Corroborating these results, Roesch et al. (2007) studied corn samples collected from different regions of Rio Grande do Sul and found a great diversity of diazotrophic endophytic bacteria, especially among communities sampled from different soil types, water regimes, and geographical regions. According to their results, this variation depends on the evaluated ecosystem, with a regional influence on the population, including soil and climate. Thus, the environmental conditions in the present study may have been more favorable to A. brasilense species than to the species that compose the Mix.
However, the interaction values show that the effect of inoculation may be negative or positive depending on the studied family (Figure 2) .
The highest values of interaction between families and inoculants for Brix in the plant-cane were observed for the families 19 (0.4503), 9 (0.3364), and 23 (0.3351) when inoculated with Mix and for the The response to PGPB inoculation, or its efficiency, is related to other environmental factors such as soil type, fertility, moisture, presence of other microorganisms, and organic matter (MOREIRA; SIQUEIRA, 2006). These factors allow diversity in the populations of microorganisms among regions (CABALLERO-MELLADO; MARTINEZ-ROMERO, 1994; TEJERA et al., 2005) . Pérez and Casas (2005) isolated different species/strains of Azospirillum from the sugarcane rhizosphere and observed different behaviors for each bacteria, depending on the cultivar and environment of cultivation.
Corroborating these results, Roesch et al. (2007) studied corn samples collected from different regions of Rio Grande do Sul and found a great diversity of diazotrophic endophytic bacteria, especially among communities sampled from different soil types, water regimes, and geographical regions.
According to their results, this variation depends on the evaluated ecosystem, with a regional influence on the population, including soil and climate. Thus, the environmental conditions in the present study may have been more favorable to A. brasilense species than to the species that compose the Mix.
However, the interaction values show that the effect of inoculation may be negative or positive depending on the studied family (Figure 2) . indicate that the selection of plants from those families/progenies may be interesting to obtain sugarcane clones with a positive interaction. The families 2, 5, 7, 13, 15, 21, 23, 24 , and 26 presented the same behavior for the interaction family x treatment both in the plant-cane and first ratoon although the magnitude of the values was different, indicating the repeatability of the response of these families (Figure 2 ).
The highest negative values of interaction were observed in the families 4 (-0.2229), 24 (-0.2582), and 15 (-0.2608) when inoculated with Triazo and in the families 5 (-0.3281), 16 (-0.2368), and 21 (-0.2245) when inoculated with Mix, suggesting that these families may not be interesting for the selection aiming the interaction with these inoculants. One of the most known examples of negative interaction is the sugarcane variety B4362, which is the only that presents the symptoms of Mottled Stripe Disease when inoculated with the species Herbaspirillum rubrisubalbicans (OLIVARES et al., 1997) .
Regarding the results obtained in the first ratoon for Brix, the families 10 (0. The families 2, 5, 7, 13, 15, 21, 23, 24, and 26 presented the same behavior for the interaction family x treatment both in the plant-cane and first ratoon although the magnitude of the values was different, indicating the repeatability of the response of these families (Figure 2) .
The values of interaction showed the influence of the studied family and evaluated cycle (plantcane and first ratoon), indicating that other factors may have influenced the results. The differences observed between families was also verified by Lopes et al. (2012) , who used different inoculants composed by A. brasilense strains. This plantbacteria interaction has been mentioned by several authors and might be positive or negative depending on the plant genotype and the species and/or bacterial strain (OLIVARES et al., 1997; MUÑOZ-ROJAS; CABALLERO-MELLADO, 2003; OLIVEIRA et al., 2006; PEREIRA, 2011) .
The different values observed for Brix in the plantbacterial interaction also denote that the selection of plants in this initial stage, without nitrogen fertilization, could be an alternative for selecting clones aiming at the best association with PGPB. In the case of soybean cultivars, the breeding on soils with a low nitrogen content, without fertilization and with inoculation with Bradyrhizobium, favored the interaction between plant and bacteria, promoting high productivity indices of this crop ALCANTARA et al. 2009 ). In addition, the Brix is one of the main evaluated traits in this stage of selection, defining whether a genotype is selected, in addition to visual traits (height, number of stalks, diameter, and disease resistance) (MATSUOKA et al., 2005) .
Under these conditions, with a significant effect for the interaction family x inoculant, the inoculation of all plants would favor those with a significant and positive interaction and would adversely affect those with a negative interaction. However, the selection of native bacteria with a better adaptation to the cultivation environment could also favor the results of sugarcane cultivation, as the results obtained for soybean breeding .
Conclusion
The 27 families of sugarcane presented a positive and negative response to inoculation with nitrogenfixing bacteria and growth-promoting bacteria. The response varied depending on the studied family, used inoculant, and the evaluated characteristics. Brix was the only variable that showed a significant interaction between plant and bacteria. The families 2, 5, 7, 13, 15, 21, 23, 24, and 26 presented similar values for both cycles (plant-cane and first ratoon). The results showed that the inoculation is possible in the early breeding stages and that plants with a positive interaction may be identified even in the early breeding stages.
